In the past decade, the research communities raised wide concerns on using medicinal plants for synthesis of nanomaterials due to its effective biological activity, lower side effects and also eco-friendly manner. Our previous report concentrated on the biomedical efficacy of fine characterized silver nanoparticles (AgNPs) from Gossypium hirsutum (cotton) leaf extract. Further, the current examination is planned to reveal the molecular mechanisms involving for activation of mitochondria-mediated signaling pathway by AgNPs in human lung cancer cells (A549) using various biological endpoints such as apoptotic induction by HOECHST 33342, AO/EtBr and Rhodamine 123 staining, cell cycle analysis using flow cytometry, gene and protein expressions by RT-PCR and immunoblotting respectively. This study was further extended to identify the toxicity of AgNPs using an animal model. Interestingly, we observed that A549 cells treated with AgNPs resulted in G 2 /M arrest and ultimately leads to induction of apoptosis cell death. Moreover, gene analysis demonstrated that diminished expression of anti-apoptotic (Bcl-2) and enhanced expression of pro-apoptotic (Bax) mitochondrial genes. The alterations in the gene pattern may interrupt of mitochondrial membrane potential which facilitates the releasing of cytochrome c (cyt c) into cytosol. The cyt c act as a key molecule for activation of caspases (9 and 3) to initiate intrinsic apoptotic signaling cell death process. The histological analysis proven the application of AgNPs in nanomedicine is quietly harmless and would not cause any discernible stress like swelling and inflammation to the organs of mice. Taken together, this investigation may provide solid evidence for cotton crop mediated AgNPs induced apoptosis cell death pathway and offer a novel approach for cancer therapy.
Introduction
The utilization of nano-based materials for medical applications is called as nanomedicine, have led to the invention for the number of nanoparticles with enhanced peculiar features and multifunctional action such as disease diagnostics and treatment [1] . Among them, cancer nanotechnology comprises of science and engineering with broad applications for medicine such as molecular imaging, diagnosis of diseases, and targeted therapy [2] . In the past two decades, silver nanoparticle, especially from biological resources, is one of the most promising nanoproducts has been applied for nanomedicine due to its unique properties, broad spectrum and surface plasmon resonance effects. The major AgNPs characteristic features such as high conductive [3] , optic [4] and biological properties [5] make them required for biological and engineering applications. The earlier report revealed that silver nanoparticles acted as an effective agent and showed its potential in biomedical applications [6] .
The global scenario of lung cancer cell death is rapidly increasing because of long term adaptation of cancer-causing behaviors like smoking, physical inactivity and westernized diets Abbreviations: A549 cells, adenocarcinomic human alveolar basal epithelial cells; AgNPs, silver nanoparticles; AO/EtBr, acridine Orange and Ethidium Bromide; Bax, Bcl-2-associated X protein; Bcl-2, B-cell Lymphoma; BSA, bovine serum albumin; Cas 3 and Cas 9, Caspase 3 and Caspase 9; Cyt-c, cytochrome C; DLS, dynamic light scattering; DMEM, Dulbecco's modified eagles medium; DMSO, dimethyl sulfoxide; GC-MS, gas chromatography-mass spectrometry; H&E, hematoxylin and eosin; mRNA, messenger ribonucleic acid; nm, nanometers; p53 gene, tumor suppressor gene; PBS, phosphate buffered saline; PCR, polymerase chain reaction; SDS-PAGE, SDS-polyacrylamide gel electrophoresis; β-Actin, beta actin; DC m, mitochondrial membrane potential. [7] . Among the various cancers, lung cancer is the leading cause of cancer death than any other cancers such as colorectal, breast and prostate cancers in developing countries [8] . Common treatments such as surgical procedures, radiotherapy, and chemotherapy approaches have been followed for cancer. Although, the existing conventional approaches are not successful [9, 10] to increase the lifetime of cancer patients. Therefore, the available therapeutic procedures must be improved by novel techniques for early diagnosis and to target cancer, responsive signals for cell death with minimal side effects are instantly needed to enhance cancer therapy.
In this study, we used Gossypium hirsutum leaf extract as a substrate for AgNPs synthesis. The classification of Gossypium hirsutum comes under the family of Malvaceae, it's a perennial shrub and cultivated as annuals. Globally > 10 million farmers harvesting cotton and rely on the prospect for their income. The cotton is enriched of cellulose which is the natural fiber used for world textiles manufacture [11, 12] . Our earlier reports described that there are fewer reports existing on biomedical applications but not with the anticancer investigation. Hence, we emphasized the anticancerous effect with distinct morphological changes in the A549 cells treated with AgNPs synthesized from cotton leaf extract [13] . Although, many kinds of literature available on anticancer activity of AgNPs but most of them are failed to address and quantify the expression of genes and proteins involved in the activation of the intrinsic apoptotic pathway. Hence, this investigation is mainly focused on revealing the molecular mechanism of mitochondrial-mediated apoptosis pathway in human lung cancer cells by AgNPs.
Materials and methods

Preparation of plant extract
The leaves of Gossypium hirsutum were collected and cleaned with double distilled water and shadow dried for 3 weeks. The leaves were made into powder form and 10 g of each powder extracted with 200 ml of methanol using Soxhlet apparatus for 14-16 h at solvent boiling temperature. Finally, the crude extract was collected and concentrated by rotary evaporator at 50 C and stored at À20 C until further use.
Gas chromatography linked mass spectrometric (GC-MS) analysis
A 100 ml of bis trimethylsilyl acetamide (BSTFA) was taken with 100 ml of plant extract, then 20 ml of pyridine was added. This solution was incubated for 1 h at 75 C finally it was injected into GC-MS. The methanolic leaf extract of Gossypium hirsutum was quantitatively performed by GC-170 MS (Shimadzu QP 2010 PLUS system, Japan) equipped with a capillary column (30 m Â 0.25 mm i.d. Â 0.25 mm film thickness). Splitless injection was performed with a purge time of 1 min. The carrier gas was helium at a flow rate of 1 ml/min. The column temperature was retained at 50 C for 3 min, then programmed at 5 C/min to 80 C and then at 10 C/min to 340 C. The inlet temperature was 280 C, the detector temperature was 360 C and the solvent delay was 4 min. The identification of the peaks was based on computer matching of the mass spectra with WILLY.8 LIB library and by direct comparison with published data. 
Synthesis and characterization of AgNPs
The AgNPs was synthesized by mixing of leave extract and 1 mM silver nitrate (HIMEDIA) solution and the color change was observed. The prepared AgNPs undergone to investigate the characteristic features performed by UV-Vis spectra showed the maximum absorbance at 410 nm and Fourier transform infrared spectroscopy (FTIR) confirmed the presence of proteins, phenolic compounds and silicon (Si-O-Si) may act as a reducing agent to form Ag ions. The Xray diffraction (XRD) demonstrated a face-centered cubic structure (JCPDS File No: 03-0921) and crystalline nature with 13 nm size. The scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were revealed mono-dispersed nature and spherical in shape with a size range between 13-40 nm [13] . Additionally, the dynamic light scattering technique was done with Zetasizer Nano-ZS (Malvern Instruments Ltd., Malvern, UK).
A549 cell culture maintenance and IC 50 concentration
The A549 cells were cultured in Dulbecco's Modified Eagles Medium (DMEM) with required nutritional supplementation and minimal inhibitory concentration of AgNPs was about 40 mg/mL using MTT assay and it is previously reported [13] . Hence, we extended the current examinations by following the above mentioned IC 50 concentration to report the cell death signaling pathways.
HOECHST 33342 staining for nuclear apoptosis
The A549 lung cancer cells were maintained in 6 well plates and treated with AgNPs using IC 50 concentration for various time duration like 24, 48 and 72 h. At each time point, the cells were washed twice with PBS, harvested by trypsinization. Then the cells were fixed in 4% paraformaldehyde for 20 min and re-washed, finally stained with HOECHST 33342 (10 mg/mL) at 37 C for 20 min in the dark [14] . The surplus stains were removed by washing with methanol followed by PBS, and plates were then focused for determining any nuclear structural changes and apoptotic bodies caused by AgNPs under blue channel fluorescence with fluorescent microscopy (Nikon Eclipse, Inc., Japan).
Direct fluorescence microscopic analysis for apoptosis induction
Acridine orange/ethidium bromide (AO/EB) staining procedure was followed out to detect the morphological indication of apoptosis on the AgNPs treated cells [15] . The cells were fixed in 3:1 ratio of methanol and glacial acetic acid for 1 h at room temperature. The cells treated with AgNPs (24, 48 and 72 h) were labeled with 1:1 ratio of AO and EB in PBS and incubated for 5 min then the excess unbinding dye was removed by washing with PBS. Stained cells were visualized under using fluorescence microscope (Nikon Eclipse, Inc., Japan) at 100Â magnification with an excitation filter at 480 nm.
Rhodamine 123 staining
Modifications in mitochondrial membrane constancy as an effect of treating with AgNPs were measured by Rhodamine-123 staining [16] . The A549 cells were seeded in 6 well plates (1 Â10 5 cells/well) and exposed to AgNPs. After the 24, 48 and 72 h treatment, the cells were collected and fixed in 4% paraformaldehyde. After hard fixing, the cells were washed twice with PBS and stained with Rh-123 (10 mg/mL) for 30 min at 37 C. Further, extra stains were removed by methanol and again washed with PBS. The cells were analyzed for alteration in Dcm using fluorescence microscope with an excitation and emission wavelengths of 505 nm and 534 nm, respectively.
Cell cycle analysis
The cell cycle arrest was investigated by the modified protocol of Thangam et al., [17] . The cells (1 Â10 6 ) were cultured in a tissue culture dish and keep them to mature all-night. The cells were treated for 72 h and cells without AgNPs kept as control. After attained at 75% of confluence, the cells were trypsinized and collected in appropriate centrifuge tubes. Then centrifuged at 2500 rpm for 5 min at RT (room temperature) and cells in the pellet were re-suspended in 300 mL of PBS-EDTA to which 700 mL of chilled 70% ethanol was added drop-wise with slow mixing. The solution was added to assure absolute combination of ethanol, and the samples were stored at 0 C overnight. Subsequently, 1:100 volumes of 20 mg/mL RNase were added to remove RNA contamination, and the mixture was incubated at 37 C for 1 h. Propidium iodide was added to a final concentration of 50 mg/mL and incubated for 10-20 min at room temperature in dark. The stained cells were analyzed for DNA histograms and for cell cycle phase distribution using flow cytometry (Becton Dickinson Immuno cytometry System, USA)
Semi-quantitative RT-PCR analysis for apoptotic gene expression
The changes in the expression profile of Bax, Bcl-2, p53 and β-Actin genes were identified using RT-PCR analysis. For this study, TriZol reagent was used to separate the total RNA from AgNPs treated A549 cells. Briefly, the cDNA was synthesized using a cDNA synthesis kit and amplified accordant to the manufacturers protocols in a 25 mL of reaction mixture included random primer pairs (1.0 mL): 10Â buffer (5.0 mL), cDNA (2.0 mg), 25 mM/L MgCl (3.0 mL), 10 mM/L dNTPs (1.0 mL), and Taq polymerase (2.5 U).
Semi-quantitative RT-PCR
C for 10 min. The primer sequences are followed according to Thangam et al., [17] .
Western blotting analysis
Western blotting was executed [18] to observe the expression of apoptosis accountable proteins such as cytochrome c, caspase 9 and caspases 3 in A549 cells. The cells (2 Â 10 6 ) were seeded onto 100-mm culture dishes in the presence or absence of AgNPs. After 20 min, the lysates were centrifuged at 12,000 rpm for 10 min at 4 C and supernatants were stored at À80 C until further use.
Proteins (30 mg/lane) were separated using 10% SDS-PAGE and then transferred to PVDF membrane. Afterward, the membranes were blocked in TBST solution containing 5% (w/v) non-fat milk for 2 h, followed by overnight incubation at 4 C with primary antibodies such as caspase 9 and 3, cytochrome c and β-actin. After being washed with TBST buffer, the membranes were incubated for 1 h with the secondary antibody, horseradish peroxidase-conjugated goat anti-rabbit IgG. Antibody-bound proteins were detected using enhanced chemiluminescence reagents. Blots were washed with washing buffer and incubated with secondary antibodies conjugated with horseradish peroxidase for 1 h at room temperature.
In vivo histopathological study
To assess the non-toxic effect of AgNPs, the present research was promoted for histopathology analysis [6] . Male Balb-c mice (aged 6 weeks, 18 AE 2 g) were acquired from King Institute of Preventive Medicine, Chennai and maintained under standardized-environmental situation at the ambient temperature of 25 C. Animals were preserved with humanly healthy care and supplied with food and water ad libitum. A total of 12 mice were distributed into two groups.
One group was treated with AgNPs (40 mg/mL) and second as control group having 200 mL saline were intravenously administrated for every 4 days (day 1, day 5, and day 9) through tail veins. The body weight was enrolled for the entire experiment. On the 12th day, the coefficients of liver, heart, kidneys, brain, spleen, testis and lung and to body weight were measured as the ratio of tissues (wet weight/mg) to body weight (g). The major tissues were dissected and were fixed in 10% formalin, embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E) for the histological test using standard techniques. After staining, images were taken using an optical microscope.
Statistical analysis
All the experiments were carried out in triplicates and the data were expressed as mean AE SEM. The difference between means was analyzed by one-way ANOVA. All statistical analyses were performed using SPSS 17.0 software. A level of p 0.05, p 0.01 was taken as statistically significant.
Results and discussion
The GC-MS study was carried out in Gossypium hirsutum leaf extract, it displayed 73 peaks ( Fig. 1 ) and the leading peaks such as Caryophyllene (6.07%), 2, 6, 10-Trimethyl, 14 ethylene-14-pentadecne (7.07%), n-Hexadecanoic acid (10.54%), Phytol (4.39%), Squalene (7.71%) and Vitamin E (4.51%) were perceived in higher composition ( Table 1) .
The AgNPs were well characterized using the different methods. The HRTEM images are presented in Fig. 2 A and B which evidenced spherical construction of the particles. The mean size of the AgNPs was between 23.5-163.7 nm calculated by DLS. ZP quantity determined in this study is À18 mV (Fig. 2C and D) and it showed the superficial charge and stability of the particles (Table 2) 3.1. HOECHST 33342 staining for nuclear apoptosis
In this study, the execution of apoptosis was explored by staining lung cancer cells treated with IC 50 property of biogenic AgNPs with HOECHST 33342. It is previously proven that HOECHST 33342 stain is cell-permeable and well adhered to the adeninethymine rich domain of the minor groove of DNA. This is comprehensively exploited to stain DNA to assess the cell cycle, apoptosis, and measure viable cells by flow cytometry [19] . Interestingly, evidential modification for apoptosis inductance was discovered between the control and treated cancer cells with AgNPs for 24 h, 48 h and 72 h (Fig. 3 ). The control cells had an integral round typical nucleus with orderly morphology released a debilitated blue fluorescence by HOECHST 33342 stains. Whereas, the AgNPs treated cells displayed aglow blue color emission of apoptotic nuclei which were acknowledged by condensed and disunited nuclei and chromatin collected at the boundary of the nuclear membrane. Besides, it noticed that the induction of apoptosis was enhanced in AgNPs treated cells. This examination distinctly pointed with cell growth retardation was evoked by AgNPs. A previous study of Sharma et al. [14] analyzed the analogous effects like DNA contraction and the apoptotic dead body in zinc oxide nanoparticles treated human liver cells (HepG2).
Study of apoptosis induction by AO/EtBr
Apoptosis can be activated by changes in membrane unity, suppression of cell development, cytoplasmic contraction, and cell clumping [14] . In existing research, the apoptotic cells were distinguished from one another using fluorescence microscopy. The apoptotic cells containing dead bodies were ascertained as orange colored whereas the necrotic cells emitted a red color. The control A549 cells were expelled consistent green fluorescence color which pointed cells are live. After treatment with AgNPs for 72 h, the cells were determined with defined morphological modification such as the contrasting dimension of nuclear morphology during apoptosis, condensed nuclei, membrane, blebbing and apoptotic fragments (Fig. 3) .
Analysis of mitochondrial membrane potential (Dcm) by Rh-123 staining
The potentiality of mitochondrial membrane acts a crucial constituent for induction of apoptotic activity of cell death. Therefore, we have proven the mitochondrial membrane stability of A549 cells using Rh-123 dye for 24, 48 and 72 h AgNPs treatment. The fluorescence representation (Fig. 3 ) of current examination distinctly showed the loss of Dcm owed to mitochondrial membrane depolarization and besides observed that fluorescence strength was attenuated with accelerating the exposure time of AgNPs. The corresponding effect was observed by Siddiqui et al. [20] that decreased fluorescent intensity indicate the significant reduction of mitochondrial membrane stability in human hepatocarcinoma cells (HepG2) treated with CuO NPs. Also declared that loss of mitochondrial membrane integrity of the cancer cells by depolarization and dysfunction leads to cell death [16] . A previous report of McBride et al. [21] agreed that mitochondria are participating in major function such as signaling, cellular differentiation, cell death, control of cell cycle and cell growth. It is likewise expressed that interruption and regulation of permeability of mitochondrial outer membrane lead to the stimulation of cascade of caspases by the effect of some apoptotic stimuli [22] [23] [24] . The overall findings strengthen that AgNPs activated the intrinsic apoptotic signaling pathway result by biochemical and physiological alterations in the A549.
Effects of AgNPs on cell cycle regulation
The goal of this study is to examine the distribution of AgNPs treated cells in various phases of the cell cycle by flow cytometry.
The treatment of A549 cells with AgNPs (IC 50 concentrations) for several periods of time (24, 48 and 72 h) resulted in a decrease of the G 2 /M phase comparison with the control. The data of flow cytometry study showed AgNPs treatment in A549 cells arrested in the G 2 /M phase of the cell cycle with time-dependent manner (Fig. 4) . The effect of AgNPs in arresting the A549 cells in G 2 /M form of the cell cycle convey the existence that cotton leaf extract mediated AgNPs may also be useful for the control of cancer cell growth. The related effect was observed on selenium nanoparticles induced cell cycle arrest in A549 cells [25] .
Effect on apoptotic gene and protein expression analysis
This investigation exhibits the mechanism implicit AgNPs mediated mitochondria-dependent apoptotic cell death triggered in A549 cells. The gene expression of both anti-apoptotic and apoptotic at protein level of AgNPs exposed lung cancer cell was analyzed using semi-quantitative RT-PCR and Western blot technique. The cells were treated with IC 50 concentration of AgNPs for 24, 48 and 72 h. At each time point, total apoptotic (Bax) and anti-apoptotic genes (Bcl-2) and proteins (cytochrome c, caspase -9 and caspase -3) were isolated, and expression levels Fig. 6 . In vivo toxicity investigation of AgNPs on mice organs such as liver, heart and kidney. The control group images are given in A, C and E and AgNPs treated images are in B, D and F.
were calculated by RT-PCR and Western blot analysis. The current examination was aimed at the expression level of Bax, Bcl-2 and p53 genes and it displayed an evidential that Bcl-2 expression was suppressed and excitingly up-regulated expression of Bax and p53 in AgNPs treated cancer cells when compared with control cells. It has been proven that the enhanced expression of Bax represents the key effector of the intrinsic pathway liable for the induction of mitochondrial modifications [26] . The time-dependent activity was observed, which showed up-regulated the expression of genes/protein with increased time of exposure to AgNPs (Fig. 5) . The decreased Bcl-2 level indicate that AgNPs effectively intermediated the intrinsic apoptotic activity by inhibiting the antiapoptotic gene expression. An earlier report evidenced Bax showed a fundamental function in the inhibition of the anti-apoptotic role of Bcl-2. The overexpression of Bcl-2 level leads to suppression of cytochrome c release from the mitochondria to the cytoplasm and block the caspase activation step of the mitochondrial mediatedintrinsic apoptotic pathway [27, 28] .
The current investigation also addressed the expression of p53 in the treated cells and it was observed that the level of p53 expression increased dramatically in time-dependent manner. From this measurement, the present study confirmed that the up-regulation of the p53 act as a primal role in the activation of the apoptosis process. It has been investigated earlier that apoptotic signaling mediated by p53 generate amino terminal conformational alteration which evidence to release of cytochrome c from mitochondria. The cytochrome c facilitates the cleavage of caspases -9 and -3 and eventually apoptosis cell death has taken place [17, 29] . In this study, the β-actin gene acts as an internal standard and it does not display any changes in the expression level.
The proteins such as cytochrome c, caspases -9 and caspases -3 showed the enhanced expression with time-dependent manner (Fig. 5) . The percentage of protein expression level was increased when accelerating the time of AgNPs treatment when compared with control A549 cells. The caspase -3 expression profile displayed up-regulated in the biogenic AgNPs treated A549 cells. From this examination, it is proven that the up-regulation of cytochrome c and caspase 9 triggered the level of caspase 3 activations. Caspase -3 is a key effector caspase and is activated through either the death-receptor or mitochondria-mediated pathway [30] . It has also been reported that apoptosis mediated by p53 induced the membrane translocation of Bax and cytosolic release of cytochrome c, which might amplify the apoptotic signal by activating caspase -9 and other downstream caspases like caspases -3, -6, and -7 [31] . Cytochrome c act as a necessary factor for the creation of ATP also plays a central role in apoptosis. The mechanism behind the activation of the cascade by the release of mitochondrial cytochrome c (mtCyt c) results active caspase-3 subsequently cleaves a variety of substrates resulting in characteristic morphologic changes in the nucleus, DNA fragmentation, and appearance of the phagocytic marker phosphatidylserine on the cell surface [32] . Taken together, our present findings clearly demonstrated the underlying mechanisms and principal mode of cell death induced by AgNPs was intrinsic mitochondrial-mediated apoptosis pathway in A549 cells.
Histopathological study
The toxicity effect of AgNPs to the living system is carefully investigated by in vivo analysis. For this study, we used Hematoxylin and Eosin stains of tissues from mice that were treated with cotton plant-mediated AgNPs. Interestingly, there is no pathological clue were discovered in the AgNPs treated mice group, it showed that AgNPs have not caused any toxicity to major organs. Collectively, we further conclude that there are no changes detected between major organs of AgNPs treated and saline control group as depicted in Figs. 6 and 7. No pathological lesions were identified in the silver nanoparticles (Cleistanthus collinus) treated group that could be indicative of toxicity [6] . The AgNPs measuring range of 4 nm were found to generate much higher levels of reactive oxygen species (ROS) production and interleukin-8 secretion from macrophage immune cells than 20 and 70 nm AgNPs [33] , revealing that the sizes of the particles may attribute the principal factor affecting the toxicity of AgNPs. There are various methods are discovered for AgNPs synthesis, among them biological methods are simple, rapid, non-toxic, reliable, and green approaches using plant extracts which can make well-defined size and morphology under optimized conditions for translational research [37] . In the end, a green chemistry approach for the synthesis of AgNPs shows much promise. Apparently, the exposure time to nanoparticles, their concentrations, routes of applications and particle sizes of silver ions can all play a role, either singly or in concert, in AgNPs behavior and toxicity [34] . Several studies suggest that silver ion dissolution from AgNPs is dependent on particle size, with smaller AgNPs exhibiting higher dissolution because of their higher surface area-to-volume ratio [35, 36] . Due to tremendous utilization of nano-materials, related products may led to bioaccumulation of AgNPs in the major tissues of living organisms subsequent various illness conditions, hence the toxic quality of nanomaterials must be cautiously evaluated. The present study suggests that the industrially beneficial plant cotton mediated AgNPs can be actively exploited for the therapeutic role against lung cancer disease.
Conclusion
In conclusion, the above-proposed research findings in human lung cancer cells provide evidence of the molecular events involved in the apoptosis cell death induced by biologically synthesized silver nanoparticles. Here, demonstrated the activation of the intrinsic apoptotic pathway in the cancer cell is related to the disruption of mitochondrial membrane stability by alterations in the expression of pro-and anti-apoptotic proteins. Finally, the loss of membrane potential would act as a channel to release the cyt c from mitochondria into the cytosol and activate caspases -9 and -3. Ultimately, the activated cleaved caspases are responsible for apoptosis mediated cell death by causing DNA damage and nuclear condensation. In the end, we confirmed that cotton plant-mediated AgNPs has the potential to trigger apoptotic mode of cancer cell death and also we proved as safe to use for the biomedical applications. Thus, our current investigation clearly evidenced the mechanism and mode of green synthesized silver nanoparticles induced intrinsic apoptosis in human lung carcinoma cells.
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